Koser, Breslove, and Doirfman (1941) 
The optimal glucose concentration of 2.5 per cent was found to be unusually high compared to that used for growing other species of Brucella. Reducing values determined after growth showed that the 2.5 per cent of added glucose was almost completely utilized. Galactose and fructose were found to replace glucose in the medium with little change in cell yield. This was in contrast to cultures in complex medium (casein digest-yeast autolysate) where B. melitensis grew only onefifth as well in galactose medium as in glucose Table 3 shows the effects of varying the concentrations of the amino acids one at a time in the 296 [VOL. 66 on July 12, 2017 by guest http://jb.asm.org/ Downloaded from medium consisting of six amino acids. For maximal growth methionine, alanine, glutamic acid, and cystine were essential. The single omissions of either lysine or arginine affected the final growth in lesser degrees. In general, the levels of the six amino acids in the medium were not critical and the recommended quantities for each amino acid are based on a number of experiments where both early and final growth were considered.
In some of the early experiments the requirement for cystine was less definite than in subsequent work. In trying to reduce further the number of amino acids in the synthetic medium, it was thought that cystine might be replaceable by inorganic sulfur compounds. In the early experiments, cystine was replaceable by sodium sulfide, sodium hydrosulfite, or sodium thioglycolate. However, in later work (tables 3 and 4) the growth obtained with the inorganic sulfur compounds was approximately half or less of that obtained with cystine.
The supplementation of the complete medium (table 1) with 0.05 and 0.10 per cent of certain amino acids (aspartic acid, glycine, histidine, phenylalanine, serine, proline, threonine, tryptophan, tyrosine, and hydroxyproline) did not affect the final yield. Partial inhibition resulted from supplementation with 0.01 per cent of norleucine, leucine, isoleucine, or valine.
Cultures of B. melitensis were carried through 10 serial transfers in the synthetic medium without any evidence of diminished growth. Examination of the bacterial dissociation pattern showed characteristics of 100 per cent smooth colonies.
Evidence was obtained that D-methionine, D-alanine, D-cystine, and D-glutamic acid were b utilized by B. melitensis. As seen in Rode, Oglesby, and Schuhardt (1950) failed to obtain consistent growth of B. melitensis, strain 2459, in the medium of McCullough et al. (1947) and correlated this with the high histidine content of the medium. However, in the present work, strain 4247 of B. melitensis failed to grow even when the histidine content was reduced to 0.06 per cent. The medium of Gerhardt and Wilson (1948) supported only scanty growth (turbidity of 5) of strain 4247 of B. melitensis with either asparagine or glutamic acid as the nitrogen source. The medium of Rode, Oglesby, and Schuhardt (1950) (composed of 18 amino acids, glucose, inorganic salts, and vitamins) yielded a turbidity of only 24 with B. melitensis, strain 4247. By supplementing this medium with larger amounts of amino acids, vitamins, and glucose, the growth was doubled but turbidities greater than 55 were not obtained.
Concurrent with studies on the formulation of a synthetic medium it was observed that the addition of autolyzed yeast (0.25 mg/ml) to the synthetic medium decreased the lag phase of growth of B. melitensis by approximately 50 per cent. However, the final total growth was unchanged. In an effort to duplicate the marked stimulation shown by yeast, various amino acids (either singly or combined) were added to the basal medium at varying concentrations. Serine (0.77 mg/ml) was the only amino acid which showed significant stimulation (approximately 30 per cent) of early growth, but it did not approach that shown with the autolyzed yeast. Incidental to the stimulation of early growth it was found that excellent growth was obtained when serine or proline was substituted for lysine (or for lysine and arginine) in the complete medium. The known vitamins and other likely compounds also were tested in the basal medium, but none gave the activity of autolyzed yeast. A strepogenin concentrate gave stimulation of early growth equivalent to approximately 46 per cent of autolyzed yeast on a dry weight basis. Very little loss of the activity of yeast autolysate resulted from acid or alkaline hydrolysis (5.4 N H2SO4 or 5.4 N NaOH at 126 C for 6 hours). Nitrous acid destroyed the activity but hydrogen peroxide did not. Ethyl ether extraction of a yeast autolysate solution at pH 1.8 for 1 to 7 days removed no more than 10 per cent of the activity; ether extracts made at pH 7 and pH 9 contained no appreciable activity.
Treatment of the yeast autolysate with twice its weight of charcoal removed approximately half of the solids, which included most of the stimulative activity. The activity was not eluted significantly with either dilute HCl or NH40H as judged on a dry weight basis. When the charcoal was eluted with ethanol, the eluate was approximately 4 times as active as the yeast autolysate on a dry weight basis; however, only about 2.5 per cent of the original solids were recovered in this fraction. Further work is necessary to clarify the nature of the stimulatory factor(s) in yeast. However, because neither amino acids, yeast ash, nor known growth factors replaced the activity shown with autolyzed yeast, an unknown factor may be involved.
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SUMMARY
The nutritional requirements of strain 4247 of Brucella melitensis were studied intensively, and a synthetic medium was formulated that consistently gave yields of over 125 billion cells per ml. The chemically defined medium consists of 6 amino acids, glucose, inorganic salts, and vitamins.
Magnesium, iron, and manganese salts are necessary for good growth. In agreement with Koser and co-workers nicotinic acid and thiamin are essential.
A relatively high level of glucose, 2.5 per cent, is required in the medium for maximal growth.
Evidence was obtained that D-methionine, D-alanine, D-cystine, and D-glutamic acid are utilized by B. melitensis.
Based on tests with representative strains of the three species of brucellae, the synthetic medium was found to be especially suitable for the growth of several strains of B. melitensis. Moderate to poor growth was obtained with strains of B. suis and B. abortus.
A substance contained in yeast autolysate which stimulates early growth could not be duplicated by any other compound tested. The nature of the yeast stimulation is only partially understood.
Combinations of amino acids play an important role in the nutritional requirements of B. melitensis. No single amino acid was found to be essential.
